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General Comments
Materials
Unless otherwise noted, manipulations were performed under inert atmosphere using standard Schlenk-type glassware in a dual-manifold Schlenk line. Unless otherwise stated, commercially available chemicals were used as received. Methanol, Water, and amines were degassed through nitrogen bubbling before use. Dry toluene and THF was purchased from Kanto Chemical and further purified by passage through activated alumina under positive argon pressure as described by Grubbs et al. 1 Tetrabutylammonium fluoride (TBAF) solution was strictly kept under nitrogen in a glovebox.
Experimental Equipment and Procedures
NMR spectroscopy
1 H NMR (500 MHz) and 13 
Preparative recycling size-exclusion chromatography (Preparative SEC)
Preparative recycling SEC was performed with a SHIMADZU LC-20AP System equipped with a Shodex K-4002L column, a SHIMADZU SPD-20A, and a SHIMADZU RID-10A, using CHCl3 as the eluent at a flow rate of 14 mL min -1 .
Mass Spectrometry (MS)
High-resolution matrix assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectra were obtained with α-cyano-4-hydroxycinnamic acid (CHCA) as a matrix and NaTFA as a cationization reagent on Thermo Fisher Scientific LTQ orbitrap XL or Bruker autoflex III spectrometers. High-resolution electrospray ionization time-of-flight (ESI-TOF) mass spectra were obtained with a Thermo Fisher Scientific EXACTIVE LC-MS spectrometer.
Absorption spectroscopy
Absorption spectra were measured with SHIMADZU UV-2600 spectrophotometer using CHCl3 or tetrahydrofuran as the solvent.
Electrochemical Cyclic Voltammetry
Electrochemical experiments were carried out with a CHI model 620E electrochemical analyzer 
Synthesis of molecule S1
Molecule S1 was synthesized according to our previous work.
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Synthesis of molecule S2
Under an argon, PM -CD monotosylate S1 (2.00 g, 188.50, 160.95, 130.81, 129.82, 124.78, 123.03, 103.37, 100.51, 100.37, 100.34, 100.32, 100.30, 100.18, 82.82, 82.68, 82.65 (peaks overlapped), 82.61, 82.42, 82.37, 82.30, 82.29, 82.13, 81.42 (peaks overlapped), 81.40, 81.38, 81.36, 81.31, 71.75, 71.64 
Synthesis of molecule S3
Under an argon, S2 (260 mg, 180 mol) was dissolved in methanol (2.6 mL). 95.07, 83.01, 82.85, 82.79, 82.57, 82.54, 82.51, 82.44, 82.36, 82.30 (peaks overlapped), 82.20, 82.03, 81.41, 81.31 (peaks overlapped), 81.26, 79.60 (peaks overlapped), 71.87, 71.61, 71.55, 71.52, 71.42, 71.33 (peaks overlapped), 71.29, 71.22, 71.15, 69.14, 61.97 (peaks overlapped), 61.94, 61.90 (peaks overlapped), 61.87, 59.25, 59.21, 59.11, 59.09, 59.07, 57.96 
C NMR (126 MHz, CD3OD, r.t.)
δ: 228.75, 161.11, 145.74, 134.93, 132.61, 131.34, 128.45, 127.87, 123.26, 113.45, 101.39, 100.79, 100.44, 100.41, 100.31 (peaks overlapped), 100.27, 96.13, 95.18, 89.73, 83.67, 83.41 (peaks overlapped), 83.37, 83.31, 83.24, 83.11 (peaks overlapped), 83.08 (peaks overlapped), 83.01, 82.95 (peaks overlapped), 82.90, 82.74 (peaks overlapped), 82.69, 82.66, 73.21, 72.99 (peaks overlapped), 72.87, 72.61, 72.55, 72.45 (peaks overlapped), 72.38, 71.69, 69.41, 62.27, 62.13, 62.02, 62 .00 (peaks overlapped), 61.94, 59.72, 59.58, 59.42, 59.38, 59.35, 59.08, 58.69, 58.60, 58.57, 58.43, 58.09, 34.67, 15.87, -1.73 .
High-Resolution ESI-MS
calcd for C73H113IO30S2SiNa[1+Na + ]: 1711.5470; found: 1711.5468 (m/z, monoisotopic mass) S10 S11
Synthesis of insulated ligand 2
Under an argon, 1 (100 mg, 59.2 mol) was dissolved in MeOH (40 mL). The solution was stirred at 60 °C, and H2O (20 mL) was added dropwise into the solution. After 12 h stirring, the solution was cooled to room temperature and extracted with CHCl3. The organic layer was separated and dried over Na2SO4. The solvent was removed by evaporation and the residue was purified by preparative SEC (eluent: CHCl3) to yield 2 as a pale red solid (95 mg, 95%). 
H NMR (500 MHz
,
C NMR (126 MHz, CD3OD, r.t.)
δ: 227.88, 163.64, 145.69, 135.81, 134.10, 133.74, 132.41, 127.78, 127.71, 117.49, 101.66, 101.38, 101.31, 101.15, 99.60, 96.09, 95.54, 91.24, 84.87, 84.24, 84.08, 83.95, 83.81, 83.77, 83.74, 83.57, 83.47 (peaks overlapped), 83.41, 82.97, 82.90, 82.79 (peaks overlapped), 82.70, 77.99, 74.03, 73.50, 73.35, 73.09, 72.98 (peaks overlapped), 72.86, 72.72, 72.60, 72.14, 71.96, 62.77, 62.73, 62.71, 62.56, 62.52, 62.22, 59.43, 59.33, 59.24, 59.08, 59.05, 58.73, 58.52, 58.25, 58.22, 58.12, 57.92, 34.58, 15.71, -1.66 .
High-Resolution ESI-MS
calcd for C73H113IO30S2SiNa[2+Na + ]: 1711.5470; found: 1711.5485 (m/z, monoisotopic mass) S13
ROESY NMR spectrum of 2
The 2D-ROESY NMR spectrum of 2 was acquired in CD3OD. Strong nuclear Overhauser enhancements (NOEs) between the aromatic protons of the axial oligo(phenylene ethynylene) and inner protons of the cyclodextrins were observed ( Figure S1 ). These experimental results indicated that the rotaxane structure was constructed between PM -CDs and phenylene ethynylene as hosts and guest, respectively. 
Synthesis of insulated Ni(II) complex 3
Under an argon, 2 (7.0 mg, 4.1 mol) was dissolved in THF (0.5 mL). TBAF in THF (1 M, 10 L, 10 mol) was added to the solution and stirred at room temperature for 5 min. Then NiCl2 (2.0 mM in DMSO, 1.0 mL, 2.0 mol) was added to the solution. The reaction mixture was diluted with CH2Cl2
and washed with H2O three times. The organic layer was separated and dried over Na2SO4. After removal of the solvent by evaporation, the residue was purified by preparative SEC (eluent: CHCl3)
to yield 3 as a deep green solid (4.4 mg, 65%). The 2D-NOESY NMR spectrum of 3 was acquired in CDCl3. Strong nuclear Overhauser enhancements (NOEs) between the aromatic protons of the axial oligo(phenylene ethynylene) and inner protons of the cyclodextrins were observed ( Figure S2 ). These experimental results indicated that the rotaxane structure was constructed between PM -CDs and phenylene ethynylene as hosts and guest, respectively. 
Reaction of non-insulated ligand 1 and Ni(II)
Under an argon, 1 (7.0 mg, 4.1 mol) was dissolved in THF (0.5 mL). TBAF in THF (1 M, 10 L, 10 mol) was added to the solution and stirred at room temperature for 5 min. Then NiCl2 (2.0 mM in DMSO, 1.0 mL, 2.0 mol) was added to the solution. The reaction mixture was diluted with CH2Cl2
and washed with H2O three times. The organic layer was separated and dried over Na2SO4. After removal of the solvent by evaporation, the residue was analyzed by preparative SEC (eluent: CHCl3)
to give the elution curve displayed in figure 6 (red line). The absorption spectra of insulated complex 3 was measured in CHCl3 (orders of 10 -5 M) ( Figure   S3 ). Strong absorption (max = 630 nm) was observed in the visible region. Figure S3 . UV/Vis absorption spectrum of insulated Ni(II) bis(dithiocarboxylate)-type complex 3 in CHCl3.
Preparation of non-insulated
Stabilities of complexes 3 and 4 in the solution
The dilute tetrahydrofuran solutions (orders of 10 -5 M) of complexes 3 and 4 were left for 1 day in ambient condition, and changes of the absorption spectra were recorded ( Figure S4 ). The spectra of complex 3 did not show any notable changes, in contrast to that of 4, which showed considerable decreases and shifts of the peaks. 
Theoretical calculations
Computation method calculations for optimization of the geometries and orbital energy were conducted using the Gaussian 09 program. 
Theoretical calculation for molecule 2´
Optimized geometries calculated on 2´ (shown in Figure 3b ) at the HF/LANL2DZ level of theory were shown in Tables S1. The covering ratio, which was defined as the covered axial length with macrocycles divided by the total axial length, was determined as approximately 64% by using the space filling model. The frontier orbitals and optimized geometries of 3 calculated at the CAM-B3LYP/ LANL2DZ(Ni, I), 6-31G(d) level of theory are summarized in Figure S5 and Table S2 . The frontier orbitals and optimized geometries of 3 -calculated at the CAM-UB3LYP/ LANL2DZ(Ni, I), 6-31G(d) level of theory are summarized in Figure S6 and Table S3 . 
